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Appendix B: Physical Properties of Cores

Part 1: Pulse Velocity
Introduction

The pulse velocity part of this study was done in order to determine the consistency of the
cores with respect to density and strength on a comparative scale between the eight
differert airfield pavements.

Method

Pulse Velocity readings were taken on all airfield cores upon arrival to Clemson
University. All of these readings were taken according to ASTM C 595t#edard

Test Method for Pulse Velocity Through Concrefesolid kar of aluminum having the

di mensions of 30x 30 x 11 10 was used as
all readings to make sure the unit was acting in a consistent manner. The coupling agent
used was petroleum jelly. The readings were talk®osa the diameter of the core at
two-inch increments for the full length of the core sample. If the sample was an
unbroken cylinder and the top and bottom surface were flat and parallel then lengthwise
readings were taken.
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Results
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Figure 1. Pulse Velocity Results for Airport |
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Figure 2. Pulse Velocity Results for Airport Il
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Airport 111
Average Pulse Velocity of 7 Cores
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Figure 3. Pulse Velocity Results for Airport 11l
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Figure 4. Pulse Velocity Results for Airport IV
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Figure 5. Pulse Velocity Results for Airport V

6000 -

tn
=
=
=

4000

3000

Pulse Velocity, m/s

2000

1000

0

Lengthwise 2"

B Taxiway Brave Cores Airpﬂrt VI
O'Taxiway Foxtrat Cores Average Pulse Velocity of (1, 4, 4) Cores

O Runway SL/23R Cores

—
|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'l"'|"'|—|

&=
<

8" 1“!‘1 12" 14!‘1 lﬁll

Depth, in
Figure 6: Pulse Velocity Results for Airport VI
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Airport VII
Average Pulse Velocity of (5, 5) Cores
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Figure 7. Pulse Velocity Results for Arport VII
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Figure 8: Pulse Velocity Results for Airport VIII
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Table 1: Modulus of Elasticity Values for All Airport Cores
Longitudinal Transverse
Label Modulus of Elasticity Avg. Mocljullus of
(psi) Elastl_czlty
(psi)
Airport I-Echo 5.76E+06 6.25E+06
Airport I-Tango 6.53E+06 6.38E+06
Airport I-Victor 6.82E+06 6.62E+06
Airport Il 7.60E+06 7.42E+06
Airport I 5.35E+06 6.08E+06
Airport IV-Golf NA 6.39E+06
Airport IV-Charlie 7 NA 7.05E+06
Airport IV-Echo 5 NA 6.79E+06
Airport IV-Echo 4 NA 6.54E+06
Airport IV-Deicing Pad NA 5.44E+06
Airport V NA 6.20E+06
Airport VI-Bravo 5.13E+06 6.19E+06
Airport VI-Foxtrot NA 6.31E+06
Airport VI-Runway 5L/23R NA 6.44E+06
Airport VII-A Cores NA 7.62E+06
Airport VII-B Cores NA 7.90E+06
Airport VIII -North Section NA 9.94E+06
Airport VIl -Mid Section NA 9.45E+06
Airport VIII -South Section NA 8.76E+06
Airport VIl -Gate NA 9.28E+06
Airport-Ground Control NA 9.05E+06
Discussion

From the data it is evident that the variability in pulse velocity in concrete cores from
each of the airports was very minimal. In general,phise velocitiedor all the cores
ranged between 40 m/sec and 530 m/®c Also, no significant differencem pulse
velocity between longitudinal and transverse direction were observed in cores from any
of the airports that could be tested in both directiors.ciear trendn pulse velocities

could beestablished as a function of depth from the top surfatteegbavement in any of

the cores. The dynamic modulus of elasticity of cores based on the lemigt and
diameterwise measurements of pulse velocity are giveTable 1. The values were
calculated usingquationl and converted to units of psi.
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Equation 1: Modulus of Elasticity Calculation
Ver(1+m(1- 2
__Vir(Len(1- 2n)

(L- m

Where: E = Modulus of Elasticity
V = Pulse Velocity
r = Density
m= Poissonds Ratio (assumed to be 0.

Conclusion

Pulse velocity results were pretty much consistent throughout all of the airfield cores. In
general, thgulse velocitiegor all the cores ranged betweerD@0n/sec and 500 m/®€c

The Modulus of Elasticity values calculated from the pulse velocityntgeswere
consistent with the magnitude of a typical strength concrete.
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Part 2: Air Content Analysis

Introduction

The hardened air content was determined for representative samples from each airfield
pavement. This was done to asses what the conditithe air void system currently is

for all of the airfields, which is important to know in order to determine if the concrete
system is freezéhaw durable.

Method

The air void systems of th@ncrete cores wemetermined by usindSTM C 457: The
Standard Practice for Microscopical Determination of Aibid Content and Parameters

of the AirVoid System in Hardened ConcretEor each airfield core sample tested two
samples were taken from each. The samples were taken from zero to four inches and
four to eight inches. The airfield cores were cut longitudinally in half and then cut
perpendicularly at four and eight inches. Once the interior of the core was exposed the
observed maximum size of aggregate was determined. Having this information, the
minimum test area for the ASTM C 457 method could be found by using téddaté&d

in the standard along with the minimum length of traverse and the minimum number of
stops found in tables 2 and 3 respectively. Samples were then polished according to the
standard using a silicon carbide abrasive material. A Nikon SMZ 1000 Stereomicroscope
was used at 50X magnification for the procedure. Thead system was looked at on

an as it basis, that is to say that if anvaild was filled it was not includedithe air
content calculation.
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Results

Air Void Parameters
Air Content (%)
Void Frequency (mn)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (miymm’)
H : Spacing Factor (mm
Airport | Taxiway Echo Core 5 g
Total Voids Intercepted (N) 651 1002
Total Number of Stops (St) 1384 1350
Total Number of Stops on Air Voids (Sa) 63 94
Total Number of Stops on Paste (Sp) 385 353
Distance Between Stops () (mm) 1.64 1.76
Total Traversed Distance (Tt) (mm) 2269.76 2376.00
82.0

Figure 9: Airport | Echo 5 Core Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mni%)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (miymm®)

AI rpo rt I Ta,XiWa,y Spacing Factor (mm)
Raw Dat
Tan g 0 C ore 4 Total Voids Inte r;\A[IJteZ ?N) 768 836

Total Number of Stops (St) 1277 1490
Total Number of Stops on Air Voids (Sa) 73 72
Total Number of Stops on Paste (Sp) 310 323
Distance Between Stops (I) (mm) 1.64 1.72
Total Traversed Distance (Tt) (mm) 2094.28 2559.08
Total Area (cnt)

12.0mmAcross(T4A)

- - -
-

g -— -~

75.4mmAcross(T4A) 79.0mmAcross(T4B)
Figure 10: Airport | Tango 4 Core Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mni’)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (mriyfmm®)

Airport I TaX|Way Spacing Factor (mm)
Victor Core 3 o 510 | sl

Total Voids Intercepted (N)
Total Number of Stops (St) 1322 1350
Total Number of Stops on Air Voids (Sa) 57 74
Total Number of Stops on Paste (Sp) 402 344
Distance Between Stops (1) (mm) 1.68 1.64
Total Traversed Distance (Tt) (mm) 2225.92 2214.00

78.4 86.0

S EERT . ) - -

12.0mmAcross(V3A)

” » =

~,
o

77.5mmAcross (V3A) 75.4mmAcross (V3B)

Figure 11: Airport | Victor 3 Core Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mni%)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (miymm®)

: Spacing Factor (mm
Airport Il Runway Core 4 g

Total Voids Intercepted (N) 1086 1257
Total Number of Stops (St) 1482 1410
Total Number of Stops on Air Voids (Sa) 90 97
Total Number of Stops on Paste (Sp) 362 331
Distance Between Stops (I) (mm) 1.72 1.72
Total Traversed Distance (Tt) (mm) 2545.34 2421.68
Total Area (cnt)

R § f B o T« 7o)
. :“‘a" ' ;"“‘- “..‘a(~ -

-..11;" .,‘_.' W

80.7mmAcross (4A) 80.7mmAcross(4B)
Figure 12: Airport Il Runway Core 4 Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mni%)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (miymm®)

H ing F: r (mm
Airport Il Runway Core 10 g

Total Voids Intercepted (N) 970 1222
Total Number of Stops (St) 1350 1404
Total Number of Stops on Air Voids (Sa) 83 98
Total Number of Stops on Paste (Sp) 334 358
Distance Between Stops (I) (mm) 1.64 1.64
Total Traversed Distance (Tt) (mm) 2214.00 2302.56
Total Area (cnT) 80.4 82.0

82.0mmAcross(10A) 82.0mmAcross(10B)
Figure 13 Airport Il Runway Core 10 Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mmi')
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (mfymm®)

AI rport I I I R U nwa.y Spacing Factor (mm)

Raw Data
CO re 104 Total Voids Intercepted (N) 884 1177

Total Number of Stops (St) 1458 1345
Total Number of Stops on Air Voids (Sa) 82 99
Total Number of Stops on Paste (Sp) 425 375
Distance Between Stops (I) (mm) 1.72 1.71
Total Traversed Distance (Tt) (mm) 2504.12 2303.31

81.0 81.0

12.0mmAcross(104B)

12.0mmAcross(104A) 12.0mmAcross(104B)
Figure 14: Airport lll Runway Core 104 Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mni%)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (miymm®)

AI rport I I I R U nwa.y Spacing Factor (mm)

Raw Data
CO re 1 08 Total Voids Intercepted (N) 890 960

Total Number of Stops (St) 1400 1372
Total Number of Stops on Air Voids (Sa) 84 94
Total Number of Stops on Paste (Sp) 328 303
Distance Between Stops (I) (mm) 1.64 1.71
Total Traversed Distance (Tt) (mm) 2296.00 2349.55
Total Area (cnT) 81.0

- —
_...'7:, L i, T
." l .. -

T O
bX Qk '._ .

80.4AmmAcross(108A) 83.9mmAcross(108B)
Figure 15: Airport Il Runway Core 108 Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mmi')
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (mfymm®)

AI rport I I | RU nway Spacing Factor (mm)

Raw Data
C O re l l 1 Total Voids Intercepted (N) 1076 1099

Total Number of Stops (St) 1735 1334
Total Number of Stops on Air Voids (Sa) 89 91
Total Number of Stops on Paste (Sp) 413 299
Distance Between Stops (I) (mm) 1.72 1.64
Total Traversed Distance (Tt) (mm) 2979.86 2191.10

12.0mmAcross(111A)

N &

&
’ LD
€ 4

80.7mmAcross(111B)

Figure 16: Airport Ill Runway Core 111 Air Content Results and Raw Data

IPRF01-G-002-05-7 Appendix B17|Page



Air Void Parameters C7C3A C7C3B
Air Content (%) 5.29 7.18
Void Frequency (mm?) 0.445 0.532
Paste Content (%) 24.24 23.85
Paste to Air Ratio 4.58 3.32
Average Chord Length (mm) 0.119 0.135

Specific Surface (mrﬁlmm3) 33.63 29.65

Alrport IV TaXlWﬁy Spacing Factor (mm) 0.132 0.112

: Raw Data
C harl I e 7 CO re 3 Total Voids Intercepted (N) 1120 1296
Total Number of Stops (St) 1456 1434
Total Number of Stops on Air Voids (Sa) 77 103
Total Number of Stops on Paste (Sp) 353 342
Distance Between Stops (I) (mm) 1.73 1.70
Total Traversed Distance (Tt) (mm) 2518.88 2434.22

Total Area (cnf)

12.0mmAcross(C7C3A) 12.0mmAcross(C7C3B)

-
> ST EEEENEL. 2 O A

12.0mmAcross(C7C3A) 12.0mmAcross(C7C3B)
Figure 17: Airport IV Taxiway Charlie 7 Core 3 Air Content Results and Raw Data

IPRF01-G-002-05-7 Appendix B18|P age



Air Void Parameters
Air Content (%)
Void Frequency (mm®)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)

Specific Surface (mriymm?®)

A|rp0rt IV TaXIWay Spacing Factor (mm)
Raw Data
ECho Core SB Total Voids Interceptedt(N) 500

Total Number of Stops (St) 1431
Total Number of Stops on Air VVoids (Sa) 55
Total Number of Stops on Paste (Sp) 294
Distance Between Stops (1) (mm) 1.73
Total Traversed Distance (Tt) (mm) 2475.63
81.0

[N Sl S S S SRS S

15.0mmAcross(E5C3B

91.7mmAcross(E5C3B)

Figure 18 Airport IV Taxiway Echo 5 Core 5B Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mm®)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (mrffmm®)

Airport IV Taxiway Spacing Factor (mm)
Golf Core 3 ron e 1002 1034

Total Voids Intercepted (N)
Total Number of Stops (St) 1424 1456
Total Number of Stops on Air Voids (Sa) 89 70
Total Number of Stops on Paste (Sp) 303 307
Distance Between Stops (1) (mm) 1.63 1.75
Total Traversed Distance (Tt) (mm) 2324.68 2548.00

Total Area (cnf) 89.2 82.8

.
.

91.4mmAcross(G3A) 98.0mmAcross(G3B)
Figure 19: Airport IV Taxiway Golf Core 1 Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mm®)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (mrffmm®)

H Spacing Factor (mm
Airport V Runway Core 1 gammmsrerrm

Total Voids Intercepted (N) 1050 1372
Total Number of Stops (St) 1431 1493
Total Number of Stops on Air Voids (Sa) 74 107
Total Number of Stops on Paste (Sp) 371 426
Distance Between Stops (1) (mm) 1.70 1.70
Total Traversed Distance (Tt) (mm) 2429.12 2534.37

81.0 81.0

15.0mmAcross(C1B)

90.0mmAcross(C1A) 90.0mmAcross(C1B)
Figure 20: Airport V Runway Core 1 Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mm®)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (mrffmm®)

H Spacing Factor (mm
Airport V Runway Core 6 gasmsrorrm

Total Voids Intercepted (N) 1050 1054
Total Number of Stops (St) 1431 1433
Total Number of Stops on Air Voids (Sa) 98 110
Total Number of Stops on Paste (Sp) 331 327
Distance Between Stops (1) (mm) 1.70 1.70
Total Traversed Distance (Tt) (mm) 2429.12 2432.52
Total Area (cnf) 81.0 81.0

15.0mmAcross (C6B)

S

90.0mmAcross(C6A) 90.0mmAcross(C6B)
Figure 21: Airport V Runway Core 1 Air Content Results and Raw Data
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Airport VI Taxiway
Foxtrot Core 5

Air Void Parameters

Air Content (%)

Void Frequency (mm®)

Paste Content (%)

Paste to Air Ratio

Average Chord Length (mm)

Specific Surface (mrffmm®)

Spacing Factor (mm)

Raw Data

Total Voids Intercepted (N)

754

650

Total Number of Stops (St)

1478

1479

Total Number of Stops on Air Voids (Sa)

88

87

Total Number of Stops on Paste (Sp)

335

377

Distance Between Stops (I) (mm)

1.76

1.71

Total Traversed Distance (Tt) (mm)

2604.98

2529.09

104.0mmAcross(F5A)

100.9mmAcross(F5B)

Figure 22: Airport VI Taxiway Foxtrot Core 5 Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mm®)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)

Specific Surface (mrffmm®)

Airport VI Taxiway Spacing Factor (mm)
Foxtrot Core 6 e ]

Total Voids Intercepted (N)
Total Number of Stops (St) 1470 1440
Total Number of Stops on Air Voids (Sa) 77 61
Total Number of Stops on Paste (Sp) 331 321
Distance Between Stops (1) (mm) 1.74 1.74
Total Traversed Distance (Tt) (mm) 2554.13 2502.00

106.0mmAcross (F6A) 106.0mmAcross (F6B)
Figure 23 Airport VI Taxiway Foxtrot Core 6 Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mm®)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (mrymm®)

Airport VI Runway Core 2 | gameetrrs

Total Voids Intercepted (N) 1163 864
Total Number of Stops (St) 1479 1475
Total Number of Stops on Air Voids (Sa) 80 62
Total Number of Stops on Paste (Sp) 457 324
Distance Between Stops (1) (mm) 1.73 1.75
Total Traversed Distance (Tt) (mm) 2558.67 2573.88

88.6

102.1mmAcross(R2A) 103.0mmAcross(R2B)

Figure 24: Airport VI Runway Core 2 Air Content Results and Raw Data
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Air Void Parameters
Air Content (%)
Void Frequency (mm®)
Paste Content (%)
Paste to Air Ratio
Average Chord Length (mm)
Specific Surface (mrffmm®)
H Spacing Factor (mm
Airport VI Runway Core 6 paasasrccrs
Total Voids Intercepted (N) 1058 855
Total Number of Stops (St) 1440 1490
Total Number of Stops on Air Voids (Sa) 91 84
Total Number of Stops on Paste (Sp) 326 276
Distance Between Stops (1) (mm) 1.75 1.71
Total Traversed Distance (Tt) (mm) 2512.80 2544.18
87.6 91.2

LI i\ S

104.7mmAcross(R6A) 102.5mmAcross (R6B)

Figure 25: Airport VI Runway Core 6 Air Content Results and Raw Data
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Air Void Parameters ASA ASB
Air Content (%) 6.70 6.07
Void Frequency (mm™) 0.444 0.406
Paste Content (%) 23.01 22.13
Paste to Air Ratio 3.44 3.65
Average Chord Length (mm) 0.151 0.150
Specific Surface (mm*/mm-) 26.52 26.75

AI rpOI’t VI I Core A5 Spacing Fnctorér::‘l]mm 0.130 0.136

Total Voids Intercepted (N) 1135 1056

Total Number of Stops (St) 1508 1500
Total Number of Stops on Air Voids (Sa) 101 a1
Total Number of Stops on Paste (Sp) 347 332

Distance Between Stops (I) (mm) 1.70 1.74
Total Traversed Distance (Tt) (mm) 2556.06 2602.50
Total Area (cm”) 725 79.1

G N

i -grdy

15.0mmAcross (A5B)

o T &

Figure 26: Airport VII Core A5 Air Content Results and Raw Data
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Air Void Parameters D10A D10B
Air Content (%) 5.15 4.90
Void Frequency (mm™) 0.398 0.389
Paste Content (%) 21.77 24.01
Paste to Air Ratio 4.23 4.90
Average Chord Length (mm) 0.129 0.126
Specific Surface (mm*/mm”*) 30.93 31.79

Ail’pOI’t VIl Core D10 Spmngp"“"l‘;::’)nm 0.137 0.144

Total Voids Intercepted (N) 1036 979
Total Number of Stops (St) 1516 1491
Total Number of Stops on Air Voids (Sa) 78 73
Total Number of Stops on Paste (Sp) 330 358
Distance Between Stops (I) (mm) 1.72 1.69
Total Traversed Distance (Tt) (mm) 2603.73 2516.06
Total Area (cm”) 73.5 74.5

VY
b

79.0mmAcross(D10A)

Figure 27: Airport VII Core D10 Air Content Results and Raw Data

81.0mmAcross(D10B)
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Air Void Parameters Core 2
Air Content (%) 3.74
Void Frequency (mm™) 0.294
Paste Content (%) 24 .41
Paste to Air Ratio 6.53
Average Chord Length (mm) 0.127
Specific Surface (mm?/mm?) 31.47

Alrport VI | I Core 2 Spacing F:lcloré:;:)[)ata 0.166

Total Voids Intercepted (N) 839
Total Number of Stops (St) 1659
Total Number of Stops on Air Voids (Sa) 62

Total Number of Stops on Paste (Sp) 405
Distance Between Stops (I) (mm) 1.72
Total Traversed Distance (Tt) (mm) 2853.48
Total Area (em”) 168.6

86.0mmAcross(C2A)

81.0mmAcross(C2B)

Figure 28: Airport VIII Core 2 Air Content Results and Raw Data
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